We report the failure of an i-gel ® and an Ambu ® AuraOnce™ supraglottic airway to ventilate a drowning victim. Failure was attributed to changes in lung physiology following submersion and inhalation of water that may have required ventilation pressures up to 40 cmH 2 O to treat the victim's hypoxaemia. The ease of use and rapid insertion of supraglottic airways without interrupting cardiac compression has prompted recommendations for their use during resuscitation. The relatively low leak pressures attainable from many supraglottic airways, however, may cause inadequate lung ventilation and entrainment of air into the stomach when these devices are used in drowning victims.
When managing a drowning victim, early treatment of hypoxaemia is imperative. Early rescue breathing or positive pressure ventilation, ideally with oxygen, increases survival 1,2 . Recommended airway management for drowning victims includes mouthto-mouth resuscitation, bag-valve-mask ventilation, endotracheal ventilation or an emergency airway adjunct such as a laryngeal mask, King Tube ® , Combitube™ or cricothyroidotomy 3 . In the event of cardiopulmonary arrest, the European Resuscitation Council Guidelines recommend airway protection, ideally with a cuffed endotracheal tube. The relevant guideline notes the limitations of supraglottic airway devices in the presence of reduced pulmonary compliance 4 . Supraglottic airways (SGA) are suggested as an alternative to tracheal intubation during resuscitation after drowning 3 . We could find no reports of SGA use during drowning resuscitation. This report was approved by the Northern X Regional Ethics Committee.
CASE HISTORY
A 25-year-old male, approximately 90 kg, was retrieved from the sea by an inflatable rescue boat and returned to shore in an unresponsive, nonbreathing and pulseless state. Lifeguards commenced resuscitation on the beach including cardiac massage and bag-valve-mask ventilation. An automated external defibrillator confirmed asystole. The patient was noted to have significant gastric distension and poor chest expansion despite two person bag-valvemask ventilation using 100% oxygen with a disposable Laerdal resuscitator.
An experienced resuscitation expert (JW) inserted a lubricated size 4 i-gel ® (Intersurgical, Wokingham, Berkshire, UK) without stopping chest compressions. Suction was not available. Ventilation through the i-gel was very difficult and chest movement was not visible. Inflation pressures could not be measured. The i-gel was removed and replaced with bag-valve-mask ventilation by JW. Adequate chest movement without an audible leak was restored with a double 'C-E grip' combined with a head tilt/jaw thrust manoeuvre. An oropharyngeal airway was not used. There was no evidence of vomit or regurgitation.
After 30 minutes of cardiopulmonary resuscitation, paramedics arrived by helicopter and ambulance and advice was given to insert a size 5 Ambu ® AuraOnce™ Disposable Laryngeal Mask (Ambu, Ballerup, Denmark) 5 . This device also proved to be unsuccessful with inadequate chest movement and was therefore removed. Bag-valve-mask ventilation was resumed successfully for a further 10 minutes at which time resuscitation efforts were terminated.
The patient had been previously fit and well. A postmortem was not conducted. The coroner ruled that drowning was the cause of death. 
DISCUSSION
Some supraglottic airway devices may be unsuitable for drowning victims because they do not allow high pressures during positive pressure ventilation. Leakage pressures are low in relation to those pressures required to overcome airway resistance ( Table 1 ). The pathophysiological sequence for a drowning victim following submersion involves breath-holding then laryngospasm followed by water aspiration. Lung compliance has been shown to decrease by up to 66% within five minutes of relatively small quantities (1 to 3 ml/kg) of lung sea water inhalation in experimental animals. This fall in compliance has been attributed to widespread closure of terminal airways, compounded by a variable increase in non-elastic resistance caused by fluid and foam blocking the airways 6 . The resulting uncorrected hypoxaemia leads to cardiac arrest. Safe positive pressure ventilation is required to overcome this high lung resistance. It is estimated that following inhalation of water and the rapid drop in lung compliance, ventilation pressures of three to 10 times the pressures required before the introduction of fluid into the lungs are necessary to maintain the same tidal volumes 6 . A maximum inflation pressure of 40 cmH 2 O is recommended for normal lungs, based on flow-volume loops 7 , which is an appropriate normal upper limit when considering the drowning victim may have a mixture of closed and open airways. Transpulmonary pressures in excess of 80 cmH 2 O risk complications such as interstitial emphysema and air embolism 8 .
Correct anatomical location, cuff pressure and size of the SGA will affect airway leak pressures. Airway leak pressures can be measured during anaesthesia by fixing the fresh gas flow to 3 l/minute, adjusting the expiratory valve of the breathing circle to 40 cmH 2 O and recording the airway pressure at equilibrium. Relatively low leak pressures for the i-gel (19.3, SD 7.1 cmH 2 O) 9 and the Ambu AuraOnce (24.1, SD 5.44 cmH 2 O) 10 may explain the inadequate lung ventilation we experienced when attempting to ventilate our drowning victim with both SGAs. It is also possible that a suboptimal fit of the SGAs occurred after insertion by relatively inexperienced users of these devices, especially during resuscitation.
The use of SGAs in drowning victims has not been described. The i-gel is a disposable SGA made of thermoplastic elastomer, with a gastric drainage tube and a bite block. The i-gel is indicated by the manufacturers for "securing and maintaining a patent airway in routine and emergency anaesthetics of fasted patients, during spontaneous or intermittent positive pressure ventilation, and during resuscitation of the unconscious patient, by personnel who are suitably trained and experienced in the use of airway management techniques and devices" 11 . Several case series confirm the successful use of the i-gel during elective anaesthesia, and it has been suggested that it may have a place during resuscitation 12 .
Reservations have been expressed, however, concerning unsatisfactory performance of the i-gel in the pre-hospital setting 13 . The Ambu AuraOnce Disposable Laryngeal Mask is intended for use in fasted patients as an alternative to a facemask during routine and emergency anaesthetic procedures 5 . There are no reports of i-gel or Ambu AuraOnce use for resuscitation in drowning victims.
A range of ventilation techniques has been suggested for victims of drowning. Tracheal intubation has the advantage of providing a clear secure airway with positive pressure ventilation in the presence of low lung compliance and high airway resistance. The disadvantages of this technique during pre-hospital resuscitation include the risk of unrecognised oesophageal intubation, tube displacement and prolonged intubation attempts interrupting cardiopulmonary resuscitation. The ease of use and rapid insertion of SGAs without interrupting cardiopulmonary resuscitation has prompted recommendations for their use during resuscitation 14 . This case report suggests that SGAs are unsuitable for resuscitation of drowning victims.
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